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Abstract

We present a case-study of validating a particular model of regional earthquake-induced landslide
hazard using the common approach of comparing model output to empirical observations. We
hope to illuminate several issues and obstacles with regards to model validation that have not
been directly discussed in the validation literature. Issues of model integration with GIS, which
have not been specifically related to model validation in the environmental modelling literature,
are also raised. Based on the details of the case study, we argue that one cannot arrive at an
absolute conclusion regarding the validity of a model by simply comparing model output to
empirical observations. Model output may compare well simply because of a serendipitous
combination of data and decisions. We argue that the adjective "valid" only has contextual
meaning. It only applies to the network of relationships that emerge out of a particular decision-
making context. Such a network includes decision-makers, stakeholders, and modellers, as well
as, the study area, data, model performance, software, etc. Without this network, the process of
validation and evaluation is meaningless. This process must be a socia conversation among
decision-makers, stakeholders, and modellers in order to assess model usefulness and establish
trust in the network.

1. Introduction

The efforts of the many researchers who have sought to demonstrate the significant utility of

environmental modelling with GIS are beginning to pay off. GIS-based environmental models
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and the various forms of their results are now widely used within an array of decision-making
contexts. Decisions based GlS-based environmenta models can have widespread socid,
political, and economic impact. Thus, as the popularity and use of GIS-based environmental
models in decision-making settings continues to grow, assessing the legitimacy or soundness of
such models becomes critical to their development, selection, and use. This process of
assessment is usually associated with the term "validation." There are no specific approaches to
model validation that are commonly accepted across science and engineering. However, this
process is universally associated with checking the output of a model against a set of empirical
observations, standard, or statistical criteria, upon which the model in question is given a stamp
of "valid" or "not valid."

Severa pan-discipline studies have critically examined model validation from the perspective of
epistemology (e.g., Barlas and Carpenter, 1990, Oreskes et a., 1994) or meaning and procedure
(e.0., Rykidl, 1996). These excellent studies are conceptua and general, but are not placed within
the context of a specific application. We think there is significant value in examining the process
of validating a particular GIS-based environmental model, with which we are familiar. This
allows usto 1) provide detail that may otherwise be blurred through generalisation, 2) comment
on a broad range of topics and, 3) encourage a degree of reflexivity on the part of modellers.

Thus, we present a case-study of validating a model for regiona earthquake-induced landslide
hazard. Using the detall of the case study, we hope to illuminate several issues and obstacles with
regard to model validation that have not been directly discussed in the validation literature.
Similarly, issues and obstacles with respect to model integration with GIS, which have not been
specificaly related to model validation in the environmental modelling literature, will be raised.
While we have made efforts to relate the specifics of our case study to environmental models in
general, it is unavoidable that many issues are specific to the particular model. However, itisin
the particulars that many of the broader issues become more obvious. The disciplines of GIS
have long discussed issues of data quality. With this paper, we hope to advocate and broaden the
discussion surrounding model validation. This discussion is critical in dealing with the growing
success of our efforts to popularise GIS-based environmental models for decision and policy-
making. We begin our discussion by introducing the subject of our case-study. We then present
the validation of our model in five relatively distinct steps. We conclude by extracting basic
themes from the case study and making a recommendation regarding the issue of model
validation.

2. Earthquake-Induced Landslide Hazard

In many earthquakes, triggered landslides have accounted for most of the economic losses or
casudties. Perhaps the most devastating example is the death of more than 120,000 people
during the an M=7.8 earthquake in Chinain 1920 (Wang and Xu, 1984). Landslides caused by
the 1989 Loma Prieta, CA earthquake (M =6.9) damaged at least 200 residences, caused at least
$30 million in damage and blocked highways in the epicentra region for several weeks (Keefer,
1998). Most recently, the 1999 Chi-Chi, Taiwan earthquake (M=7.6) caused over 7000
landslides. Considering the widespread and costly effects of seismically triggered landslides,
hazard zonation can play a critical role in pre-event planning and post-event mitigation.

Several models have been developed for analysing earthquake-induced landslides (see Ho and
2



Miles, 1997 and Miles and Keder, 1999for a review). Several popuar models are based on
Newmark's displacenent method (1965, which was originally developed to analyse man-made
embankments. It was later extended to analyse natura slopes (Wilson and Keder, 1983. The
method models a potential landslide &s rigid friction-block, having a known criticd acceeration,
resting on an inclined plane. The mgor assumptions of this analogy are 1) the slope is rigid and
perfedly plastic, 2) a well-defined dlip surface eists, 3) that shea strength remains constant
during shaking. These aaumptions are not representative of general landslide behaviour
(Kramer, 1999.

Newmark's method cdculates the awmulative displacenent of the friction-block asit is subeded
to an eathqueke accéeration time-history. This is dore by doulde-integrating thaose parts of the
eathquake time-history that exceel the aiticd acceeration (Wilson and Keder, 1985.
Newmark (1965 defined the foll owing relationship to cdculate aiticd acceeration:

a, =(FS-1sina @

where FSis the static fador of safety of the slope and a is the thrust angle of the landslide block.
For GlIS-based dope-stability analysis, the nealy universal approach to cdculating the static
fador of safety is the infinite slope model, which requires the treament of eat pixel (or other
morphdogicd unit) as an infinitely-long slope.

FS— c. | fang' my, tang @
ysina tana y tana

where c' isthe dfedive mhesion, ¢ isthe dfedive angle of interna friction,y isthe material unit
weight, v, is the unit weight of water, a is the angle of the slope from the horizontal, d is the
normal depth to the failure surface and mis aratio of d indicaing the relative locaion d the
groundwater table.

Various smplified models derived from Newmark's method have enjoyed popuarity for
applicaion with GIS. Most of these simplified models are based on numericd regresson o
results obtained by applying conventional Newmark's method with a generic set of inpus. The
most popuar of these simplified models was developed by Jibson (1993, which has sibsequently
been modified (Jibsonet dl., 1999.

3. A Case Study in Validation

We present the processof validating the simplified Newmark model of Jibson et al. (1998. We
have dhosen to validate this model becaise of its popuarity, ease of implementation wsing GIS,
and ou familiarity with it (see Miles and Ho, 199%, Miles and Keder, 1999. The mode
cdculates Newmark displacements (D,) as a function d criticd acceéeration (a;) and Arias
intensity (I,), which is a descriptor of eathquaeke shaking intensity. The eguation takes the
following form.

logD,, =1.521logl , —1.993oga, —1.546 3



In the following sections, we break the validation process into five steps: 1) obtaining empirical
observations, 2) obtaining model inputs, 3) applying the model, 4) comparing model outputs to
observations, and 5) ng model validity and performing sensitivity anaysis.

4. Empirical Observations

Before we can compare model output with reality, we must have an inventory of landslides
caused by some earthquake. Unfortunately, there are only a handful of such inventories around
the world associated with large earthquakes. One particular inventory was gathered after the
Loma Prieta earthquake (M=6.9) (Keefer, 1998). For this study, we focused on the landslides
within the Laurel quadrangle, which contains the epicenter of the earthquake. The inventory
includes attributes of landslide type (i.e., failure mode), geologic material, and estimated volume
of displaced material. Except for afew very large landslides, each landslide is represented by a
single co-ordinate location. Because of dense vegetation cover, landslides could not be mapped
using aerial-photographs. Because the inventory was gathered from traverses in vehicles and on
foot, inventory completeness is somewhat uncertain (Jibson, personal communication).

5. Input data

Having empirical observations, we need to collect, estimate, or generate input data for the model.
For the ssimplified Newmark model, three types of data are needed: hill slope-angles, the Arias
intensity for each slope, and strength properties of slope materials. Hill slope-angles can be
calculated from a digital elevation model (DEM), which is easy to obtain in many parts of the
world. Regardless of availability, issues related to DEMs, such as resolution, error, and form are
important considerations. However, a common attitude of modellers is to leave consideration of
these issues to the makers of DEMs. But, these issues can have notable effects on the results of
GlS-based models. Hartshorne (1997) demonstrated that GIS-based slope-stability models are
highly sensitive to the different slope geometries produced by different DEM resolutions and
forms. For this study, we used a 30-meter USGS format DEM generated from a 1:24,000
topographic map of the quadrangle.

The model requires regional values for Arias intensity, which is typically calculated directly from
earthquake acceleration time-histories. Such a requirement can pose a significant obstacle due to
scarcity of data (Miles and Ho, 1999a). One solution is to calculate Arias intensity for locations
where time-histories exist and then interpolate. Another solution is to use an empirically derived
attenuation relationship. Asis common in most areas with earthquake-induced landslides, only a
few earthquakes records of the Loma Prieta earthquake exist for our study area. In addressing this
issue, some studies assume a single value or earthquake record (e.g., McCrink and Real, 1996).
However, we opted to use an attenuation relationship (see also, Miles and Keefer, 1999). We
used the relationship of Wilson (1993), which takes the following form for estimating mean Arias
intensity (15).

logl, =M -2logVR?* +h? -3.99 (4

The parameter R is the minimum horizontal distance to the vertical projection of the fault plane
and h is a correction factor that defaults to 7.5 km. In modelling the ground-motions from the
Loma Prieta earthquake, we used the fault-rupture model of Marshall et a. (1991) from which to
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cdculate R. By using the atenuation relationship and the fault-rupture model, we have brought
other models into the fray that require independent validation. Undouliedly, if a different
equation a fault-rupture model is used, results of our Newmark analysis will be different. One
may argue that it would be better to find an eathqueke (and related landsli de inventory) that had
alarger, more complete set of eathquake recmrds 9 as to remove uncertainty associated with the
attenuation relationship from the validation process However, the greaest demand for modelli ng
the regiona effeds of eathquakes is often in regions where large eathquekes have nat recently
occurred, for example the Oakland, CA area (see Miles and Keder, 1999. In such cases,
eathquake strong-motion data will be ladking and a similar solution as the one enmployed for this
case study will have to be used. So the use of an attenuation relationship may be more
appropriate and relevant.

The last type of data required are the engineeing strength properties of the regional geotechicd
materials. Newmark's method was originally developed for analysing man-made embankments,
which are @nstructed ou of materias with relatively well-known properties. For natural slopes,
this is rarely ever the cae. Determining strength properties is often fraught with dfficulty,
uncetainty, and hgh-costs. Properties are ather determined from intensive sampling and
laboratory testing or from in-situ tests. Of course, sampling and in-situ testing quickly becmes
impradicd at larger geographic scdes.

Coping strategies for regional anaysis include using "book \alues' and expert knowledge or
compilation d shea strength test data from disparate sources uch as county engineeing reports
or sparse field testing. The latter approach has many strong proporents because of its apparent
objedivity and defensability. However, this approad also requires a high degree of modeller
judgement and abstradion. For example, test data from severa dissmilar sources and test types
may be obtained and grouped based on geologic formation. Various data records may be
excluded based onmodell er-defined criteria before further manipulation. The remaining test data
for ea formations are likely averaged in some way to yield a single "representative" value.
Interestingly, Keder (in presg found that landslide cncentration (number of landslides per
square kilometre) from the Loma Prieta eathquake did na correlate well with strength properties
that had been speaficadly compiled for regiona applicaion d Newmark's method. Landslide
concentration dd however exhibit relatively strong correlation with linguistic descriptions of the
geologic formations.

Most approades for regional shea strength charaderisation involve the assgnment of a single
value to large spatial units: typicdly geologic formations or soil survey units. This approacd first
makes the tenuows assumption that there is no spatial variability within spatial units. Second, this
method makes the asumption that there is a crrelation between the particular definition o
spatia unit and shea strength. In the cae of geologic formations, the latter assumption is poar
because the formations are not classfied based onshea strength, bu rather the age and lithology
of the predominant rocks. A formation dten consists of many rock types of varying condtions.
The makeup d geologic units also varies with map scde; large-scde maps are not universally
availlable. Similarly, soil survey maps were not creded as asuppat for shea strength estimates.

For this gudy, we started with the shea strength database compiled for a previous gsudy of
eathquake-induced landdlides in the Laurel quadrangle (McCrink and Red, 1996§. We dose to
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only use records associated with peak strength because the database includes few records on
residual strength. As noted, we do not believe that compiled data is necessarily any better than
expert knowledge or "book values." However for validation, we wanted to use what most people
would consider as the best available data. Mean values were assigned to formations of a geologic
map of the quadrangle (Wentworth, 1993), although the dataset primarily reflects soil properties.
If a formation had no data associated with it, values for similar formations were averaged and
assigned to the unit. We assumed that each landslide failed at constant depth of 3.33 meters.
Although an obvious simplification, this value is considered representative (Keefer, 1984).
Lastly, because the Loma Prieta earthquake occurred at the end of a dry summer season during a
four year drought (Keefer, 1998), dry conditions were assumed and the groundwater depth
parameter of EQ.(2) was set to zero.

6. M odel implementation

Having obtained empirical observations and, arguably, the best available input data, the next step
is to implement the model within some computing environment. The topic of integrating
environmental models with GIS is well-documented, but there are no standard guidelines or well-
used recipes (Miles and Ho, 1999b). The task of integration is much more of an art, being
specific to the characteristics of a particular model and intended application of the model.

Different implementation strategies will likely result in different model output (Miles and Ho,
1999b). For example, the use of GIS-specific data structures will lead to particular distortions of
which we may not be aware or, rather, choose to ignore (Burrough and Frank, 1995).
Environmental models are often implemented using a raster data model; thus, we must choose a
resolution for implementation. When elevation or slope is a parameter of the model, many
modellers do not view this as a decision and simply default to the resolution of the DEM being
used. However, this passive decision, which many view as objective, induces a high degree of
uncertainty if other data are not of equal or higher resolution. For seismic landslide modelling
and other similar cases, geologic or soil survey units that are assigned attribute values are orders
of magnitude coarser than typical DEM resolutions. Transforming geologic units to a higher
resolution requires deaggregation. Deaggregation is troublesome because unit averages have no
information regarding point values within the unit. There is no unique solution to deaggregation;
thus uncertainty arises regarding values derived through deaggregation (Heuvelink and Pebesma,
1999). In light of the uncertainties associated with deaggregation, the use of higher and higher
resolution DEMs may not improve model performance unless the modelled system is entirely
slope dependent.

Considering the issue of deaggregation, we should have run the analysis at the resolution of the
coarsest data. Thus, we would calculate an average slope and average Arias intensity for each
geologic unit, then calculate a single Newmark displacement for each unit. Regardless, we made
the common choice of adopting the resolution of our DEM. For better or worse, modellers and
end-users seem more apt to prefer the uncertainties of deaggregation to the unintuitive concept of
a single slope or ground-shaking intensity value for a very large area that may not even be
contiguous.

7. Comparison of output and observations
Having implemented the model and obtained output, the next step is to compare model output to
6



the empiricd observations. Using the example of our case study, we can seethat this is not
aways a smple matter. The results of a Newmark analysis take the form of a numericd index
having units of displacenent (usually centimetres). Determining the displaceanent for all
landslides caused by a particular eathqueke is often impossble, even with the asdstance of
remote sensing. The landdlide inventory for the Loma Prieta eathquake does not contain
information regarding displacement, except for a few large landslides. Even if such information
was avail able, a single displacanent value may not be representative of a disrupted or rotational
landslide. Because of this and aher isaues, for regional analysis, Newmark displacement is
typicdly considered as just an index of slope performance (Jibsonet a., 1999.

Viewing Newmark displacenent as a performance index, rather than red-world deformation,
does not remove the digunction between the model output and the landslide inventory. One
solution to this digunction is to convert Newmark displacement into a probability of landslide
using a standard probability model, cdibrated using adual data (Jibsonet al., 1993. To date, the
only other solution is the use of some aiticd Newmark displacenent, above which complete
failure of the slope (i.e., landdlide) is assumed. This concept has no ties to the original Newmark
method (1965, and there is little @nsensus regarding what is a representative aiticd
displacement. Typicd values used, which are dl largely aneadotal, include 2, 5 @ 10cm, but can
be & high as 300cm (seeMatasovic, 199). Respedive values are mmmonly related to spedfic
landslide failure modes, which can make a priori seledion d a value difficult. No study has
diredly investigated the validity of the concept for regional modelling. However, the treagment of
Newmark displacanent at regional scdes as a performance index, rather than a measure of red-
world deformation, seans inconsistent with the use of a aiticd displacanent, which is based on
red-world deformation.

Regardlessof its problems, criticd Newmark displacement is the only means of transforming the
continuows displaceanent values into a binary assessnent of landslide/no-landslide. Thus, we
must chocse a citicd Newmark displacanent value to compare model output to the landslide
inventory. Obvioudly, the value we doose will have alarge dfed on the outcome of the
comparison. Although na representative of the failure mode of all Loma Prieta landdlides, we
asumed avalue of 10 cm becaiseit is one of the more widely cited values.

After transforming model output, we still must transform the landslide inventory from point
locations and pdygons (for the few large landslides) to pixelsin agrid. Thus we must chocse a
resolution to represent the landslides. The obvious choiceis to use the same resolution used for
model implementation. But again, this transformation d resolution imposes a degree of
uncertainty (Heuvelink and Pebesma, 1999. The resolution chosen may nat refled the varying
sizes of respedive landdides. For example, if we rasterise the point locaions of of the landslide
inventory at 10 meters, there ae 412 landdide pixels, bu a 30 meters there ae only 404.
Obvioudly, some small | andslides fall within asingle 30-meter pixel. Considering the mgority of
landslides in the Laurel quadrangle have avolume lessthan 100m®, we fed comfortable using a
30-meter resolution — conveniently, the resolution d model implementation.

Thus, having the inventory rasterised and the model output in terms of landsli de/no-landslide, we
can compare the two to assess model performance We can determine how many adual
landslides were "ceptured” by the Newmark model by summing the total number of landslide
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pixels that correspond with pixels having Newmark displacanent greder than 10 cm — ouwr
asumed criticd Newmark displacanent. In this way, we find that only 69 landslides or 17% of
the total 404 landslides were catured. Of course, there ae pixels with Newmark displacements
greder than 10cm that do nd correspondto landslides in the inventory. In fad, there ae dmost
18,000 fixels or 10.9% of the total quadrangle aea (154 km?) with Newmark displacement
greder than 10cm.

Two aher studies have made similar comparisons between the results of a Newmark model and
the Loma Prieta landdides. Mankelow and Murphy (1998 were ale to cgpture 49% of the
landslides, using the model of Jibson (1993, in their particular study areg which was a 32 km?
areawithin the Laurel quadrangle. However, they used a aiticd Newmark displacement of 5 cm.
They reported that 18% of the total study areawas predicted to have Newmark displacanents
greder than 5 cm. After trying 22 combinations of criticd Newmark displacanents, strength
values, and groundwvater condtions, McCrink and Red (1996 presented the cae they felt lead to
the best performance of their implementation d conventional Newmark's method for the Laurel
guadrangle. The best case, with a aiticd Newmark displacenent of 5 cm, managed to cgpture
84% of the landdides, while 50% of the quadrangle was predicted to have Newmark
displacement greaer than 5cm.

The question d optimum balance between maximising the number of captured landslides and
minimising the overal areathat is wrongly modelled to be dfeded by landslides brings up the
issue of which is more important to predict: landslide locaion a relative landslide @mncentration.
It of course would be eay to cgpture dl of the Loma Prieta landslides by simply painting the
entire Laurel quadrangle red. Thus, we suggest that landslide cncentration is of first order
importance For example, a relative ranking of geologic units based on modelled landslide
concentration would be highly useful and, in fad, is needed before predictions regarding
individual landslide locaion can have meaning.

Therefore, we wanted to assessthe results from the simplified Newmark model with resped to
the landslide amncentrations within ead geologic unit in the Laurel quadrangle. Table 1 (column
3) lists, in descending order, the number of landslide pixels per square kilometre cdculated for
eah unt from the Loma Prieta inventory. Calculated landslide aoncentration will vary with the
suppat areaused in determining concentrations. For example, Keder (in presg cdculated that
the Purisma formation hed the highest concentration (2.03 landslides’km?) for a 15 quedrangle
area excompassng the Loma Prieta gicenter. Wheress, for this gudy of the Laurel quadrangle,
the Purisima formation hes only the ninth highest concentration (0.441andsli des’km?).

Using the smplified Newmark model and the same aiticd Newmark displacanent, we
cdculated the modelled landslide cncentration within ead geologic unit. Table 1 (column 4)
lists the modelled concentrations in comparison to the ad¢ual concentrations. Listed also are the
original strength properties in modelling the @ncentrations (column 4). The modelled
concentrations for a few of the geologic units are significantly greaer than concentrations
cdculated from the landslide inventory, whil e several units were modell ed to have zero landslides
even though, in redity, landslides occurred. However, of the seven geologic units that have the
highest acual |andslide mncentration, five of the units were dso modell ed to be anong the seven
most hazardous.



Actual | Modelled | Original Strength | Badk-cdculated
Estimates Strength
Geologic Unit Percent | Landdide | Landslide [0) c 0] c

total area | pixelskm? | pixels’km? (degrees) (kPa) |(degrees) (kPa)

Diabase. db 0.004% 8571 0.00 322 351 300 350
Landslide Deposit, Qls 5.85% 1092 75.78 147 103 244 525
Butano Mudstone, Tbm 1.29% 7.92 0.00 19.0 62.2 276 500
Rices Mudstone, Tsr 4.08% 6.79 8.01 325 36.1 323 475
Vagueros Sandstone, Tv 7.52% 2.36 1894 305 319 350 450
Butano Formation, Th 1.82% 1.85 10000 314 149 351 473
Marine Shale/Sandstone, Tme 0.19% 131 197 230 192 347 500
Lompico Sandstone, Tlo 1.75% 0.49 0.00 36.0 65.2 292 300
Purisima Formation, Tp 55.93% 0.44 0.05 337 309 295 420
Alluvium, Qal 3.57% 0.29 0.17 35.0 239 336 345
Lambert Shale, Tla 2.65% 0.28 7291 264 205 383 398
Santa Margarita Sandstone, Tsm 0.45% 0.27 0.00 290 316 297 390
[Twobar Shale Member, Tst 0.70% 0.26 10000 27.7 17.0 354 500
San Lorenzo Formation, Tdl 0.24% 0.26 2.30 30.6 40.9 350 505
Sali nian Basement Granite, Kgrm | 0.28% 0.22 0.00 322 351 325 373

Table 1, Results of sensitivity analysis

8. Assessment of validity

Having compared model output with empiricd observations, one can ask whether the comparison
confirms or rejeds the validity of the particular model. In ou case, we shoud now be ale to
make some asEsInent as to the validity of the smplified Newmark model. Looking at the
results of our comparison, the model certainly did na perform perfedly. It did na cgpture dl of
the landdlides, nar did it corredly predict the @solute or relative landslide concentrations for
ead geologic unit. But, some landslides were catured and some of the geologic units that had
the highest concentration d landslides were predicted to have high landside @ncentrations
relative to ather geologic units.

Obvioudly, the results of the comparison is diredly related to the obvious uncertainties in the
inpu data and landslide inventory, in addition to urcertainties imposed through transformations,
such as rasterisation, and arbitrary choices, such as assuuming a aiticd Newmark displacanent of
10cm. It iscommonto try to ded with the uncertainty associated with inpu data. One strategy
used to investigate the dfed of input data on model output is a sensitivity analysis. Thisinvolves
varying inpus to see how model output is effeded. If a large dfed is observed, it may be
justifiable to attempt to improve the data quality or smply assume that parameter estimates are
highly uncertain.

We chaose to investigate the sensitivity of the simplified Newmark model to variations in material
strength properties. Rather than randamly vary or perturb the strength property inpus, we
deaded to determine whether or nat, by modifying the original inpu data, we @uld match the
predicted landslide concentrations for ead geologic unit to the adual concentrations. With the
asgstance of a interadive maao, we were succesfully able to match predicted and adual
landslide @ncentrations by arbitrarily adjusting the values for friction angle and effedive
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cohesion (see Eq.(2)). The badk-cdculated values are listed for ead geologic unit in Table 1
(last column). Noting the difference between landslide cncentrations cdculated using the
original data and the concentrations cdculated with the badk-caculated values (i.e., the adual
concentrations), we seethat the modd is very sensitive to the strength property inpus. Thus, in
pradice, we would either dedde to attempt to improve estimates or, more pradicdly, advocae
consideration d high urcertainty in any related dedsion context.

The results of this sengitivity analysis are interesting for ancther reasson. We a&nowledged and
identified many areas of uncetainty in the previous four sedions. Further, the model
investigated was asimplification d the original Newmark model, which in turn certainly does not
acourt for al governing fadors for eathquake-induced landslides. Even so, we were ale to
produce model predictions that exadly matched empirica observations through a serendipitous
combination d inpus and assumptions. This sems to raise doult regarding whether the validity
of the model can be dsolutely confirmed or rejeded through comparison d model output and
empiricd observations.

Thus, the question still remains whether the model is valid o not. McCrink and Red (1996
answer by stating that "the Newmark method, as refined by [their] investigation, is a viable
approadh to mapping eathqueke-induced landslides on a regional basis.” This is a relatively
strong, pcsitive statement. However, the word “viable” (interpretted as possble or workable)
seans carefully chasen and nd intended as a synonym for valid. Mankelow and Murphy (1998
make asimilar statement regarding the results of their study, bu qualify it as relative to ancother
particular eathquake-induced landslide model. As described abowve, the results of the
comparisons performed as part of these two studies, were similar to the comparison results
obtained in this gudy. Model output from both studies managed to capture more landdli des than
in ou case, bu conversely results of bath model implementations wrongly predicted a gredaer
percentage of area & being effeded by landslides. Nether study used landslide cncentration as
a basis for comparison. Even so, we have threevalidation studies of basicdly the same model in
basicdly the same aea that produce very different measures of performance It would appea
that even with threevalidation studies of Newmark's displacenent method for regional analysis,
the question d validity is dill | eft unanswered. Considering, we ague that we canna arrive & an
absolute conclusion regarding the validity of the simplified Newmark model by simply comparing
model output to the Loma Prieta landsli de inventory.

10.Towards a Contextual View of Validity

By presenting this case study, we hope to have ill uminated many isaues regarding various sages
invaved in implementation and validation d the particular model. Many of these issues diredly
trandate to the domain o other environmental models, while some issuies relate indredly.
However, there ae two broad themes that we would like to extrad from the particulars of the
case study. First, inilluminating severa issues and olstades along the way of implementing (and
validating) the model using GIS, it is clea that many dedsions are invalved, many of which are
commonly made passvely, bu made noretheless We fed that it isimportant to redise this and,
thus, make dedsions explicit, being aware of the potential effed and pessble dternatives. For
example, if it is dedded that the model will be implemented at the resolution d the particular
DEM being used, adively make this dedsion so as to be avare that by doing so additional
uncetainty will be induwced if deaggregation d coarser units is required. The agument of
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whether a particular decision is objective or subjective is moot if we make every effort to be
aware of the possible implications of each decision involved in model implementation.

The second theme that we would like to put forward is that "valid" and "not valid" are not a
attributes of environmental models, GIS-based or otherwise. Foremost, validity does not refer to
the truth or correctness of a model; a model is neither true or not-true. A model of the
environment is a statement about an open system; thus, the truth of this statement cannot be
established, even by comparing model output to empirical observations (see Oreskes et al., 1994).
We feel that this is demonstrated well by the case study. Even accepting that validation is not
about establishing truth, a mode is still liable to be stamped as "valid" if it meets or exceeds
some modeller-specified performance criteria (Rykiel, 1996). But as we tried to demonstrate with
the case study, model output may compare well with criteria simply because of a serendipitous
combination of data and decisions. By making other choices regarding data, transformations,
GIS-modd integration, etc., model output may no longer meet the criteria. This is similar to
attempting to validate amodel for adifferent area.

Thus, we agree with Oreskes (1998) who, in espousing evaluation over validation, stresses that
we should never describe any model as valid. Just as the attribute "distance" applies to the
relationship between, for example, Seattle and Amsterdam, "valid" and "not valid" only have
contextual meaning. The adjectives only apply to the network of relationships that emerge out of
a particular decision-making context. Such a network includes humans, such as decision-makers,
stakeholders, and modellers, as well as, non-humans, such as the study area, data, model
performance, software, etc. Without this network, the process of validation and evaluation is
meaningless. This process must be a socia conversation (Barlas and Carpenter, 1990) among
decision-makers, stakeholders, and modellers in order to assess usefulness and usability. The
result of this conversation is to establish trust in the network and to place a stamp of "valid" or
"useful” or "valuable" on the associated relationships, not the model. Because of the complexity
and dynamism of any such network, the label "valid" is always a matter of degree and will always
be short-lived. Thus, validation and evaluation must be a never-ending process. This will
prevent burying the uncertainties and nuances that arise within particular modelling contexts.

In conclusion, publication of comparisons of model output with empirical observations should
not be viewed as a requirement of modellers. While such comparisons have significant utility in
demonstrating the potential use of a model and illuminating issues of practical application, they
are only indirectly useful in determining validity. Rather, we need to continue our discussion on
validation and evaluation to develop means of facilitating effective conversations and interactions
among elements of decision-making networks.
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